alginate might be a particularly suitable adjuvant for typhoid vaccines in man, we carried out a number of experiments to measure the degree of adjuvance that could be expected and to examine the influence of alginate on nonspecific factors known to be involved in the protection of mice against challenge with virulent Salmonella typhi (Edsall et al., 1959; Job, Pusztai and JuhBsz, 1968;  Sterne and Trim, 1970) .
MATERIALS AND METHODS
Vaccine. Batch V980 typhoid vaccine was used throughout. This had been prepared by the heat-phenol method and standardised against both the WHO and the United States reference preparations. It had a potency of at least 8 United States units.
Alginate. This was obtained from Medical Alginates Ltd, as a mixture of 4 per cent. sodium alginate with 0.8 per cent. calcium gluconate. The alginate was mixed with the appropriate dilution of vaccine in the ratio of 1 : 1 for intraperitoneal and 2 : 3 for subcutaneous inoculation, the volumes administered being 0.2 and 0.5 ml respectively. Thus, an intraperitoneal dose contained 4 mg and a subcutaneous dose 8 nig of sodium alginate.
ChaZZenge. A suspension of fully virulent Salmonella typhi Ty2 was made in a mixture of casamino acids and dimethylsulphoxide (DMSQ), distributed in ampoules and stored in a liquid nitrogen refrigerator. When required, an ampoule was thawed and the contents diluted to approximately 1000 organisnis per challenge dose in a mixture of casamino acids and 5 per cent. hog gastric mucin. The challenge was inoculated intraperitoneally. The LD50 was determined for each experiment on a minimum of 40 mice. Table I summarises the results of an experiment in which the vaccinating dose was given intraperitoneally in a total dose of 0.2 ml according to the procedure described by Shapiro et al.
RESULTS
The marked adjuvance by alginate confirmed fully the observations of Shapiro et al. Since adjuvants that form local depots tend to prolong the immune response, a further experiment was done (table 11) to examine the effect of increasing the interval between vaccination and challenge. As in the previous experiment, alginate clearly enhanced the ability of typhoid vaccine to protect mice against a severe challenge. A noteworthy feature was the rapid fall in the protection elicited by both vaccines after the 12th day post-vaccination. By the 26th day the difference between the abilities of the two vaccines to protect had diminished sharply: the enhancement by the alginate had virtually ceased. This result was unusual. As a rule, the potency of " adjuved " relative to " unadjuved " vaccines increases with time. The decrease suggested that alginate was preferentially stimulating non-specific responses. Accordingly, we carried out experiments (table 111) in which mice were vaccinated subcutaneously instead of intraperitoneally in order to avoid direct stimulation of peritoneal an ti bac terial mechanisms.
The two experiments agreed completely. Potency was not enhanced when the typhoid vaccine with alginate was injected subcutaneously. These experiments, in conjunction with that summarised in table 11, suggested strongly that the alginate acted by stimulating antibacterial mechanisms in the peritoneum and not by enhancing specific immunity. More direct evidence of this was sought by examining the extent to which alginate alone or alginate combined with a heterologous antigen could increase resistance to typhoid challenge. Mice were pretreated with alginate alone, either subcutaneously or intraperitoneally, and challenged with S. typhi 12 days later (table IV) . We also examined the influence of alginate on the protection against typhoid provoked by a heterologous antigen, pertussis vaccine (table V) , which has been shown to protect whether given subcutaneously or intraperitoneally (Sterne and Trim) . Thus, pretreatment of the peritoneum with alginate alone (expt 2, table IV) increased the resistance of mice to a S. typhi challenge 12 days later. No discernible effect followed subcutaneous inoculation. Similarly (table V) alginate enhanced the resistance to typhoid challenge induced by pertussis vaccine given intraperitoneally, but had no effect when this was given subcutaneously; despite the fact that pertussis vaccine alone, given subcutaneously, can induce non-specific resistance to a typhoid challenge. Shapiro et al. (1967) and Kohn et al. (1969) showed that alginate enhanced the immunity induced in mice by typhoid vaccines. Our results confirmed this, but only for vaccine given intraperitoneally ; no enhancement whatever occurred when vaccine was given subcutaneously. Moreover, the enhancement by the alginate, which was very evident at the 12th day after vaccination, fell steeply thereafter and had virtually ceased by the 26th day.
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DISCUSSION
Had alginate behaved as a depot adjuvant, enhancement should have been evident after subcutaneous as well as after intraperitoneal vaccination and should have increased with time rather than fallen steeply. It seemed probable, therefore, that the alginate had stimulated non-specific mechanisms ; a possibility strengthened by the finding (table V) that alginate also enhanced the non-specific resistance to typhoid challenge by pertussis vaccine. Although this non-specific resistance occurs after both subcutaneous and intraperitoneal inoculation of the heterologous antigen (Sterne and Trim, 1970) , the enhancement by alginate was, as in the case of typhoid vaccine, confined to inoculations made intraperitoneally. Finally, it could be shown (table IV) that alginate alone, when given intraperitoneally, induced resistance to a typhoid challenge 12 days later.
Since alginate enhanced the resistance induced by specific or non-specific antigens, provided these were injected intraperitoneally, and since alginate alone, given intraperitoneally, induced resistance, it is probable that the enhancement of the response to typhoid vaccine resulted from the independent stimulation of antibacterial mechanisms of the peritoneal cavity by the alginate. The ephemeral character of the adjuvance supports this view.
The striking difference between the results of intraperitsneal and subcutaneous vaccination with the adjuved vaccines emphasises the need for caution in extrapolating results obtained with intraperitoneal inoculation of mice to subcutaneous vaccination of man. Moreover, the ephemeral character of both adjuvance and protection in mice compared with the long-persisting immunity that follows a single inoculation of typhoid vaccine in man (Ashcroft et al., 1967) increased the probability that the protection measured by the assay method in which mice are vaccinated by intraperitoneal injection of antigen is not that concerned with immunity to typhoid in man.
SUMMARY
The potency of typhoid vaccine for mice could be increased 50-fold by incorporation in alginate. This adjuvance was evident only after intraperitoneal inoculation. It waned rapidly and had virtually ceased 26 days after vaccination.
Similarly, alginate increased the resistance to typhoid challenge of mice given a heterologous antigen, pertussis vaccine, provided this was injected intraperitoneally .
Alginate alone, when injected intraperitoneally, but not when injected subcutaneously, increased the resistance of mice to typhoid challenge.
It was concluded that the adjuvance of typhoid vaccine by alginate resulted from stimulation of antibacterial mechanisms in the peritoneal cavity and was independent of any specific immune mechanism.
